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Abstract
We present the prospects of an angular analysis of the Λ0b→ Λ(1520)`+`−
decay. Using the expected yield in the current dataset collected at the
LHCb experiment, as well as the foreseen ones after the LHCb up-
grades, sensitivity studies are presented to determine the experimental
precision on angular observables related to the lepton distribution and
their potential to identify New Physics. The forward-backward lepton
asymmetry at low dilepton invariant mass is particularly promising.
NP scenarios favoured by the current anomalies in b → s`+`− decays
can be distinguished from the SM case with the data collected between
the Run 3 and the Upgrade 2 of the LHCb experiment.
1 Introduction
Over the last few years, the rare b→ s`+`− decays have shown a growing
set of deviations with respect to Standard Model (SM) expectations. On
one hand, there have been deviations observed in the branching ratios for
B → Kµ+µ− [1], B → K∗µ+µ− [1–3], Bs → φµ+µ− [4] as well as for the
optimised angular observables [5,6] in B → K∗µ+µ− [7–11], with deviations
up to 2.6 σ. These deviations have been recently confirmed by the analysis
of part of the Run 2 data set by the LHCb collaboration [12]. On the
other hand, no such deviations have been observed in b→ se+e− branching
ratios and angular observables, as was summarised in measurements of the
RK [13] and RK∗ [14] ratios of branching ratios and B → K∗`+`− angular
1
ar
X
iv
:2
00
5.
09
60
2v
1 
 [h
ep
-p
h]
  1
9 M
ay
 20
20
observables [15,16] for several values of the dilepton invariant mass, hinting
at a violation of lepton flavour universality (LFU).
Flavour-changing neutral currents have been used as a powerful tool to
probe quantum intermediate states much more massive than the initial and
final particles. In the case of b→ s`+`−, steady theoretical progress has
been achieved to understand various SM effects and define observables with
smaller sensitivity to hadronic uncertainties. Moreover, a framework for
model-independent analyses in terms of the weak effective Hamiltonian (de-
scribed below) has been exploited to disentangle long- and short-distance
contributions to these decays. It turns out that the various deviations ob-
served can be explained consistently and economically in terms of a few
shifts in the Wilson coefficients describing short-distance physics, as could
be expected from New Physics (NP) violating lepton flavour universality and
coupling to muons but not (or little) to electrons (see the updated results in
Ref [17] and earlier works in Refs [18–25]). The corresponding violation of
LFU between muons and electrons is indeed significant, around 25% of the
SM value for the semileptonic operator O9µ, with several scenarios showing
an equivalent ability to explain the observed deviations [26].
In order to confirm these hints of NP in b→ s`+`−, it is interesting to
exploit the growing set of data from the LHCb experiment [27] not only to
measure known observables more accurately, but also to investigate other
decays probing the same physics. This is true in particular for Λ0b decays
which offer completely different theoretical and experimental environments.
A first step in this direction has been attempted through the study of the
decay Λ0b → Λ(→ ppi)µµ [28–33], showing deviations from the SM in the
branching ratio and some of the angular observables [34,35], but with rather
large uncertainties so that these results agree both with the SM and with
NP interpretations already hinted at in rare meson decays [36,37].
Another promising possibility consists in looking at decays of the Λ0b
baryon into excited Λ states through the decay chain Λ0b → Λ∗(→ pK)`+`−.
Recently, the LHCb experiment has measured the ratio RpK comparing
B(Λ0b → pKµ+µ−) and B(Λ0b → pKe+e−) for a squared dilepton invari-
ant mass, q2, between 0.1 and 6 GeV2/c4 and a pK invariant mass below
2.6 GeV/c2 [38]. The result is compatible with SM expectations, but it
suggests a suppression of B(Λ0b → pKµ+µ−) compared B(Λ0b → pKe+e−).
However, the interpretation of this result would require a precise theoretical
knowledge of the various excited Λ states contributing in this large pK re-
gion (hadronic form factors, interference patterns). A deeper understanding
could be achieved by focusing on a single of these resonances as an interme-
diate state. The most interesting one seems to be the Λ(1520) baryon, which
is narrow and features prominently in previous related studies, for instance
in pentaquark searches using Λ0b → pKJ/ψ [39]. It appears thus interesting
to study both the branching ratio and the angular geometry of the decay
Λ0b → Λ(1520)`+`−. A first theoretical study was proposed in Ref. [40]
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(confirmed in Ref. [41]), and we want to investigate here the prospects of
studying this decay with the LHCb experiment in the near future. The
definition of the LHCb run periods and upgrades, as well as the size of the
collected and expected datasets can be found in Ref. [42].
2 Theoretical framework
It is possible to analyse b→ s`+`− decays using a model-independent ap-
proach, namely the effective Hamiltonian, so that heavy/energetic degrees
of freedom have been integrated out in short-distance Wilson coefficients Ci,
leaving only operators Oi describing long-distance physics
Heff(b→ s`+`−) = −4GF√
2
VtbV
∗
ts
∑
i
CiOi + h.c, (1)
(up to small corrections proportional to VubV
∗
us in the SM). The factorisation
scale for the Wilson coefficients is taken as µb = 4.8 GeV. The main operators
are
O7 = e
16pi2
mb(s¯σµνPRb)F
µν , O7′ = e
16pi2
mb(s¯σµνPLb)F
µν ,
O9` = e
2
16pi2
(s¯γµPLb)(¯`γ
µ`), O9′` = e
2
16pi2
(s¯γµPRb)(¯`γ
µ`),
O10` = e
2
16pi2
(s¯γµPLb)(¯`γ
µγ5`), O10′` =
e2
16pi2
(s¯γµPRb)(¯`γ
µγ5`),(2)
where PL,R = (1∓γ5)/2 and mb ≡ mb(µb) denotes the running b quark mass
in the MS scheme. In the SM, three operators play a leading role in the dis-
cussion: the electromagnetic operator O7 and the semileptonic operators O9`
and O10` that differ thorugh the chirality of the emitted charged leptons.
NP contributions could either modify the value of the short-distance Wilson
coefficients C7,9,10, or make other operators contribute in a significant man-
ner, such as the chirality-flipped operators O7′,9′,10′ defined above, or other
operators (scalar, pseudoscalar, tensor).
Using this separation, one can express the decay amplitude for Λ0b →
Λ(1520)`+`− in terms of Wilson coefficients and hadronic matrix elements
of operators. Most of them can be expressed in terms of form factors to
be computed using quark models, light-cone sum rules or lattice QCD com-
putations. Some remaining contributions correspond to long-distance char-
monium contributions which have still to be investigated for this particular
decay.
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In Ref. [40], the resulting angular distribution was computed:
8pi
3
d4Γ
dq2d cos θ`d cos θpdφ
(3)
= cos2 θp
(
L1c cos θ` + L1cc cos
2 θ` + L1ss sin
2 θ`
)
+ sin2 θp
(
L2c cos θ` + L2cc cos
2 θ` + L2ss sin
2 θ`
)
+ sin2 θp
(
L3ss sin
2 θ` cos
2 φ+ L4ss sin
2 θ` sinφ cosφ
)
+ sin θp cos θp cosφ(L5s sin θ` + L5sc sin θ` cos θ`)
+ sin θp cos θp sinφ(L6s sin θ` + L6sc sin θ` cos θ`),
where θp, θ`, φ describe the kinematics of the decay in agreement with the
kinematics of Refs. [33–35] (up to the identifications θp = θΛ∗ = θb and
φ = χ). Each angular coefficient corresponds to a sum of interferences
between pairs of helicity amplitudes (they are not linearly independent:
L2ss = L1ss/4 + L2cc/2 − L1cc/8 − L3ss/2). Each helicity amplitude (12
in total) is defined in terms of the helicities of the hadrons involved and
expressed in terms of Wilson coefficients and form factors (14 in total). The
expressions including the lepton mass can be found in Ref. [41].
One can define derived observables using a particular weight ω to inte-
grate the differential decay rate over the whole phase space
X[ω](q2) ≡
∫
d4Γ
dq2d cos θ`d cos θpdφ
ω(q2, θ`, θp, φ)d cos θ`d cos θpdφ. (4)
The differential decay width is
dΓ
dq2
= X[1] =
1
3
[L1cc + 2L1ss + 2L2cc + 4L2ss + 2L3ss], (5)
which we can use to normalise the CP-averaged angular observables and the
corresponding CP-asymmetries
Si =
Li + L¯i
d(Γ + Γ¯)/dq2
, Ai =
Li − L¯i
d(Γ + Γ¯)/dq2
. (6)
One can also define various derived quantities from these angular ob-
servables, in particular the forward-backward asymmetry with respect to
the leptonic scattering angle normalised to the differential rate
A`FB = X
[
sgn[cos θ`]
dΓ/dq2
]
=
3(L1c + 2L2c)
2(L1cc + 2(L1ss + L2cc + 2L2ss + L3ss))
. (7)
The CP-averaged version of this asymmetry is defined by taking the ratio
of the CP averages of the numerator and the denominator in Eq. (7).
In Ref. [40], the sensitivity of these angular observables on hadronic
uncertainties and on NP contributions was investigated. Several of them
4
were shown to exhibit sensitivity with respect to NP contributions currently
favoured by global fits to the b→ s`+`− data, even though the hadronic
uncertainties were certainly overestimated due to a limited knowledge of
the form factors. The estimates provided in Ref. [40] were based on a quark
model [43], waiting for more accurate estimates to be provided by lattice
QCD computations [44], and assuming that charmonium contributions were
small in the regions of interest. The large number of (poorly known) form
factors could be tackled by taking the heavy-quark limit mb → ∞ either
at low or large recoil of the Λ baryon (high q2 or low q2), leading to two
distinct effective field theories called Heavy Quark Effective Theory and
Soft-Collinear Effective Theory respectively.
In both limits, some form factors (denoted collectively as fXg in Ref. [40])
vanish, which means that they are expected to be small in general. Neglect-
ing these form factors means that the amplitudes denoted as B in Ref. [40]
and corresponding to transitions to a Λ∗ with helicity 3/2 vanish. Indeed
the heavy-quark limit allows one to consider the angular momentum of the
heavy-quark b and that of the light quarks as good quantum numbers to
describe the Λ0b state and its transitions. Since the light quarks are in a
spin-0 diquark state and the heavy quark carries a spin 1/2, the b→ s`+`−
transition can never yield a Λ with a helicity 3/2 in this limit [45,46]. This
assumption simplifies quite a lot the angular distribution
8pi
3
d4Γ
dq2d cos θ`d cos θpdφ
(8)
' 1
4
(1 + 3 cos2 θp)
(
L1c cos θ` + L1cc cos
2 θ` + L1ss sin
2 θ`
)
,
where all three angular observables are independent. The forward-backward
asymmetry becomes:
A`FB '
3L1c
2(L1cc + 2L1ss)
. (9)
In this limit, we notice that the angular distribution Eq. (8) factorises into
the product of two terms, i.e. a trivial dependence on the angle describing
the hadronic final state and a nontrivial dependence on the angle describing
the leptonic final state.
Interestingly, the branching ratio for Λ0b→ Λ(1520)`+`− for ` = µ was
shown to decrease for the NP scenarious favoured to explain the deviations
observed in the meson sector. This agrees perfectly with the trend shown
by the recent LHCb measurement of RpK for mpK < 2.6 GeV/c and 0.1 <
q2 < 6 GeV/c4 [38]. Indeed this measurement involves several intermediate
Λ resonances, but with a prominent contribution of the Λ(1520) baryon. If
one assumes that this measurement is indeed dominated by the contribution
of Λ(1520) and that long-distance cc¯ contributions are negligible at the large
Λ recoil, we can get the measured central value of 0.85 as the central value
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of the predictions from Ref. [40] for the following three NP points: CNP9µ =
−0.76, or CNP9µ = −CNP10µ = −0.29, or CNP9µ = −CNP9′µ = −0.99 (in each
scenario, all the other Wilson Coefficients are purely SM). These points are
in remarkable agreement with the results of global fits to b→ s`+`− and
b→ sγ transitions in B meson decays [17]. This exercise is obviously purely
illustrative and its significance should not be overstated, but it shows the
interest of identifying the fraction due to the Λ(1520) excited state in RpK ,
and to measure the angular distribution of the decay Λ0b → pK`−`− through
this specific baryon intermediate state.
3 Sensitivity studies
The Λ0b → Λ(1520)`+`− decay width and angular coefficients can be con-
veniently accessed experimentally in bins or regions of squared dilepton in-
variant mass, q2, as discussed in the introduction of this paper. Due to the
available phase space in this decay, and avoiding the region dominated by the
charmonia resonances, the studies are performed in three regions: [0.1, 3],
[3, 6] and [6, 8.86] GeV2/c4. Additionally, a broader bin covering the central
q2 region, [1, 6] GeV2/c4, is added to improve the experimental sensitivity in
this region. As a first exercise to grasp the potential of an angular analysis
of the Λ0b→ Λ(1520)`+`− decay and due to the limited statistics available
for this mode, sensitivity studies are performed using the simplified expres-
sion of the angular distribution presented in Eq. (8) and only CP-averaged
observables are considered. We choose the CP-averaged forward-backward
asymmetry in the lepton sector, A`FB, and the S1cc coefficient as the ob-
servables of interest and fix the normalisation by 12L1cc + L1ss = 1. The
SM predictions for these angular observables are extracted in the q2 bins
of interest from the computations in Ref. [40] and are shown in Table 3,
together with the differential decay width, dΓ/dq2/ΓΛ0b
. Besides the con-
servative uncertainties used in Ref. [40], the theoretical precision obtained
assuming a 5% uncertainty on the form factors due to foreseeable improve-
ments in lattice QCD studies is also given. To illustrate the sensitivity of
these observables to the effect of NP, the predictions of a scenario with a NP
contribution CNP9µ = −1.11 are also computed. Such a scenario is supported
by the current global fits to b→ s`+`− data [17].
In the recent test of LFU in Λ0b→ pK`+`− decays by LHCb [38], around
400 Λ0b → pKµ+µ− and 100 Λ0b → pKe+e− signal events were observed in
the q2 region [0.1, 6] GeV2/c4 and m(pK) < 2600 MeV/c2, in a dataset corre-
sponding to 3 fb−1 recorded at 7 and 8 TeV and 1.7 fb−1 recorded at 13 TeV.
The main difference between the muon and electron modes arises from the
trigger and selection efficiencies in the experimental study. In the follow-
ing, we focus on the muon mode due to the larger experimental yields but
the results can be directly extrapolated to the electron case by scaling the
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Observable [0.1,3] [3,6] [6,8.86] [1,6]
dΓ/dq2/ΓΛ0b
[10−9]
SM 0.42 ± 0.05 1.34 ± 0.16 3.4 ± 0.4 0.98 ± 0.11
SM - 5% 0.416 ± 0.025 1.34 ± 0.09 3.37 ± 0.18 0.98 ± 0.06
NP 0.35 ± 0.04 1.07 ± 0.13 2.68 ± 0.29 0.80 ± 0.09
NP - 5% 0.349 ± 0.020 1.07 ± 0.06 2.68 ± 0.16 0.80 ± 0.05
A`FB
SM 0.043 ± 0.014 -0.131 ± 0.031 -0.24 ± 0.04 -0.102 ± 0.028
SM - 5% 0.043 ± 0.007 -0.131 ± 0.015 -0.240 ± 0.019 -0.102 ± 0.014
NP 0.091 ± 0.016 -0.067 ± 0.026 -0.175 ± 0.033 -0.039 ± 0.024
NP - 5% 0.091 ± 0.008 -0.067 ± 0.013 -0.175 ± 0.017 -0.039 ± 0.012
S1cc
SM 0.179 ± 0.027 0.24 ± 0.04 0.36 ± 0.05 0.22 ± 0.04
SM - 5% 0.179 ± 0.013 0.241 ± 0.021 0.361 ± 0.026 0.220 ± 0.019
NP 0.235 ± 0.033 0.26 ± 0.04 0.37 ± 0.05 0.25 ± 0.04
NP - 5% 0.235 ± 0.016 0.260 ± 0.020 0.369 ± 0.025 0.243 ± 0.019
Table 1: Theory predictions for A`FB and S1cc in the SM and in a NP model
with CNP9µ = −1.11. The precision of the theory predictions is given both
using the conservative uncertainties of Ref. [40] and assuming form factor
uncertainties of 5%.
yields accordingly. LHCb also published the background subtracted invari-
ant mass of the hadronic system for Λ0b → pKµ+µ− candidates (available
in the supplementary material of Ref. [38]), from where we estimate that
roughly around 90 events correspond to the Λ0b→ Λ(1520)µ+µ− decay. The
LHCb experiment has already recorded a total of 6 fb−1 at 13 TeV and will
accumulate a total of 23 and 50 fb−1 after Run 3 and Run 4 of the LHC,
respectively. Moreover, it has been proposed to install an upgraded detec-
tor to take data during the High-Luminosity phase of the LHC to collect
300 fb−1 [42]. Table 2 collects the estimated yields of Λ0b → Λ(1520)µ+µ−
decays in the different q2 bins and running periods, extrapolated from the
published LHCb data and the SM prediction for the q2 distribution. These
numbers are used to estimate the sensitivity to NP of an angular analysis
of this decay mode. For the electron case, fewer events are expected [38],
although the trigger-less readout foreseen for LHCb from Run 3 onwards
should allow a higher experimental efficiency for this mode.
The angular distributions of the Λ0b→ Λ(1520)µ+µ− decay are distorted
by the geometrical acceptance of the detector, the trigger and the selection
requirements [8]. The shapes of the acceptances have been estimated using a
stand-alone fast simulation software called RapidSim [47] applying the LHCb
geometrical acceptance and transverse momentum (pT) requirements, which
are known to be the dominant effects in shaping the acceptance distributions,
on the final-state particles. Using the simplified angular distribution of
Eq. (3) there is no need to model the angular acceptances of the φ and cos θp
7
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2 bin [ GeV2/c4 ]
Dataset [ fb−1 ]
9 23 50 300
[0.1, 3] 50 140 300 1750
[3, 6] 150 400 900 5250
[6, 8.86] 400 1100 2400 14000
[1, 6] 190 510 1140 6650
Table 2: Extrapolated Λ0b → Λ(1520)µ+µ− signal yields in each q2 bin for
the accumulated luminosity expected at LHCb at the end of Run 2, Run 3,
Run 4 and High-Lumi LHC.
variables since they only appear as a common scale factor in the probability
density function (PDF).
The cos θ` acceptance curve is expected to be symmetric due to the
symmetry between the two leptons in the decay with a loss of events for large
| cos θ`| values due to the muon pT requirement. This last characteristic is
mainly visible in the low-q2 region as shown in Appendix A.
The sensitivity of the differential measurement of the Λ0b→ Λ(1520)µ+µ−
decay width and angular observables to NP effects is studied comparing the
theoretical predictions for these observables in the SM and the NP scenario
to the expected experimental precision. The experimental sensitivity to the
decay width is directly extracted from the expected signal yield in each
bin given in Table 2, assuming poisonian uncertainties on the yields and
neglecting the effect of potential backgrounds, which are observed to be
very small in this decay mode [38]. One of the main experimental challenges
in the selection of Λ0b→ Λ(1520)`+`− decays is the contamination from other
Λ∗ resonances that overlap in the pK spectrum with the Λ(1520) state. In
the amplitude analysis of the related Λ0b → pKJ/ψ mode [39] three other
resonances were observed to contribute to the pK mass region around the
Λ(1520) state, namely Λ(1405), Λ(1600) and Λ(1800). However, all these
resonances have spin 1/2, in contrast to the 3/2 spin of Λ(1520), which gives
place to a different angular distribution that should allow to disentangle
them, following a similar strategy to the one used in the angular analysis of
B0→ K∗0µ+µ− to account for the S-wave contribution [12].
The experimental sensitivity to the angular observables is studied with
pseudoexperiments. Events are generated according to a PDF that is the
product of Eq. (8) and the experimental acceptance described above. Dis-
tributions of the cos θ` variable are generated using both the SM and NP
predictions for the angular parameters and are fitted back with the same
PDF, letting the A`FB and S1cc parameters float. A large number of ex-
periments is generated for all the q2 bins and expected signal yields in the
different data-taking periods of LHC. The resulting distributions for the
parameters, their uncertainties and pull distributions are examined. Small
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Observable 9 fb−1 23 fb−1 50 fb−1 300 fb−1
dΓ/dq2/ΓΛ0b
[10−9]
[0.1, 3] 0.061 0.037 0.025 0.010
[3, 6] 0.109 0.066 0.044 0.018
[6, 8.86] 0.176 0.107 0.071 0.030
[1, 6] 0.072 0.043 0.029 0.012
A`FB
[0.1, 3] 0.147 0.079 0.053 0.022
[3, 6] 0.060 0.037 0.025 0.010
[6, 8.86] 0.036 0.022 0.015 0.006
[1, 6] 0.057 0.035 0.023 0.010
S1cc
[0.1, 3] 0.240 0.147 0.100 0.040
[3, 6] 0.104 0.062 0.041 0.017
[6, 8.86] 0.060 0.357 0.024 0.010
[1, 6] 0.099 0.058 0.040 0.016
Table 3: Estimated experimental uncertainties for the differential decay
width, dΓ/dq2/ΓΛ0b
(top), A`FB (middle) and S1cc (bottom) for different
data-taking scenarios in the considered q2 bins in GeV2/c4.
biases on the central values of the parameters in the low and central q2 bins
are observed in the low-statistics scenarios corresponding to the datasets
expected in Run 2 and 3 of LHCb. The effect is larger on S1cc and in the
SM case but it is always below 20% of the statistical uncertainty and can be
added as a systematic to the measurement. The fit uncertainty is checked
to provide good coverage in all the cases so it is taken as the experimental
sensitivity to the angular observables.
The sensitivity for different accumulated statistics is compared to the
theoretical predictions in Figs. 1, 2 and 3 for the dΓ/dq2/ΓΛ0b
, A`FB and S1cc
observables, respectively, for the three narrow q2 bins. The values for all
the bins are also reported in Table 3, where one can observe the experimen-
tal improvement in the broader [0.1, 6] GeV2/c4 bin. With the conservative
theoretical uncertainties used in Ref. [40] the decay width provides little
sensitivity to separate the SM from the NP scenario studied. However,
with improved uncertainties on the form factors at the level of 5%, one
can disentangle with precision the two scenarios in the q2 bins [1, 6] and
[6, 8.86] GeV2/c4. For the angular observables, while S1cc exhibits a poor
sensitivity to NP, A`FB is more promising. In the conservative scenario for
theory uncertainties, one could statistically separate the SM and the stud-
ied NP model with the data sample collected by LHCb after Upgrade 2. If
the theory uncertainties on the form factors can be reduced down to 5%, a
good separation is already achieved after Run 3 in the q2 bins [1, 6] and [6,
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Figure 1: Theory predictions for dΓ/dq2 in the considered q2 bins in the
SM (blue area) and the NP scenario with CNP9µ = −1.11 (red area) from
Ref. [40], using the nominal theory uncertainties (left) and improved ones
with 5% uncertainties on the form factors (right). The expected LHCb
sensitivity with the full Run 2, Run 3, Run 4 and Upgrade 2 samples is
shown by grey-scale markers in increasing sensitivity.
8.86] GeV2/c4.
Potential biases arising from the usage of the simplified angular PDF
in Eq. (8) are checked by generating a large number of pseudoexperiments
with the full PDF, Eq. (3), and fitting the observables of interest, A`FB
and S1cc, with the simplified PDF. At small signal yields no effect can be
observed, while a small bias is found, which is less than 10% of the statistical
uncertainty, with the events expected during Upgrade 2 of LHCb. This study
confirms that Eq. (8) is a safe approximation to apply at least until 300 fb−1
have been recorded by LHCb.
4 Conclusion
The persistent deviations in b → sµ+µ− decays and the hints of viola-
tion of lepton-flavour universality between electrons and muons in these
modes provide a strong incentive to look for confirmations using other modes
with different theoretical and experimental uncertainties. In this article, we
presented the prospects of angular analyses of Λ0b → Λ(1520)`+`− decays,
motivated in particular by recent results on lepton-flavour universality in
Λ0b → pK`+`− at LHCb.
We first recalled the theoretical framework needed to analyse the Λ0b→
Λ(1520)`+`− transition, separating short and long-distance contributions.
The involvement of spin-1/2 and spin-3/2 states yields a fairly complicated
differential decay rate in terms of 12 angular observables with many hadronic
inputs involved, but the heavy-quark limit provides significant simplifica-
tions that are supported by the theoretical estimates currently available for
10
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Figure 2: Theory predictions for A`FB in the considered q
2 bins in the SM
(blue area) and the NP scenario with CNP9µ = −1.11 (red area) from Ref. [40],
using the nominal theory uncertainties (left) and improved ones with 5%
uncertainties on the form factors (right). The expected LHCb sensitivity
with the full Run 2, Run 3, Run 4 and Upgrade 2 samples is shown by the
grey-scale markers in increasing sensitivity.
the form factors. The angular distribution then factorises into the product
of two terms, i.e. a trivial dependence on the angle describing the hadronic
final state and a nontrivial dependence on the angle describing the leptonic
final state. The three observables can be reexpressed as the branching ra-
tio, the lepton forward-backward asymmetry and a third angular observable
S1cc. The first two observables present some sensitivity to NP contributions
to the short-distance Wilson coefficient C9 for b→ sµ+µ− transitions.
Using the expected yield from the data to be collected at the LHCb ex-
periment in a near future, sensitivity studies were presented to determine the
experimental precision on angular observables related to the lepton distri-
bution and their potential to identify New Physics. We studied the impact
of acceptance effects on the extraction of these angular observables using
published LHCb data together with the fast simulation software RapidSim.
The lepton forward-backward asymmetry A`FB seems particularly promis-
ing: depending on the progress made in reducing the uncertainties on the
theory predictions, at some point between Run 3 and Upgrade 2, one could
use this observable at low dilepton invariant mass to distinguish between the
SM and a scenario with NP contributions to C9 supported by the current
b → s`+`− data. We checked that our conclusions were not biased by the
significant simplifications of the angular distribution that we proposed based
on the heavy-quark limit and supported by phenomenological estimates.
We hope that our study will motivate further theoretical and experimen-
tal studies of the Λ0b→ Λ(1520)`+`− transitions, which could then constitute
a new stepping stone to definite conclusions on the presence of New Physics
in b→ s`+`− transitions.
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Figure 3: Theory predictions for S1cc in the considered q
2 bins in the SM
(blue area) and the NP scenario with CNP9µ = −1.11 (red area) from Ref. [40],
using the nominal theory uncertainties (left) and improved ones with 5%
uncertainties on the form factors (right). The expected LHCb sensitivity
with the full Run 2, Run 3, Run 4 and Upgrade 2 samples is shown by the
grey-scale markers in increasing sensitivity.
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A Angular acceptance
The µ+ and µ− efficiencies, introduced by the selection requirements dis-
cussed in Section 3 being the same, give the acceptance shown in Figure 4,
that can be modelled by an even function of Legendre polynomials:
(cos θ`) = 1
+ c2/2(3 cos
2 θ` − 1)
+ c4/8(35 cos
4 θ` − 30 cos2 θ` + 3)
+ c6/16(231 cos
6 θ` − 315 cos4 θ` + 105 cos2 θ` − 5).
The parameters ci are fitted in simulation and used throughout the sensi-
tivity studies.
Figure 4: Acceptance shapes for cos θ` for q
2 in [0.1, 3], [3, 6], [6, 8.86], and
[1, 6] GeV2/c4 respectively.
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